(1.2) Equation (1.1) can be used to describe discrete models for a single species (see, for example, [l] ). Since environmental variation is often a crucial aspect in the dynamical nature of population (see [2] and the references therein), it is more realistic to study (1.1) . From the point of mathematical biology, we will consider solutions of equation ( One can easily see that the initial problem (1.1) and (1. 3) h as a unique solution {xcn} which exists and is positive for all n E N. Usually, it is impossible to solve (1.1) analytically. So, it is important to extract a considerable amount of information about the dynamics without an analytical solution. There is considerable literature on attractivity and oscillation of the equilibrium of difference equations. To mention a few, see [3-71. But less is known about periodic solutions of difference equations. The purpose of this paper is to investigate the global attractivity and the oscillation of a unique positive periodic solution of (1.1) for all other positive solutions. For {G} = (0) in (l.l), we refer to [8] . And for the continuous analogy of (1.1)) we refer to [9] .
As usual, a sequence (2,) is said to oscillate about {y,} if {zc, -yn} is neither eventually positive nor eventually negative. If {yn} = {y} is a constant sequence, we simply say that (2,) oscillates about y. In particular, when {y,} = {0}, we just say that (2,) oscillates.
The organization of this paper is as follows. Section 2 is devoted to studying the case without delay. We obtain an w-periodic solution and study the global attractivity of it for all other positive solutions. Then, in Section 3, we study the global attractivity and oscillation of the unique periodic solution for all other positive solutions in the case with delay.
GLOBAL ATTRACTIVITY WITHOUT DELAY
Consider the periodic logistic difference equation
where {an), {&I, {cn), P, and q satisfy (1.2). We begin with a lemma, which is extracted from [lo] and will be used repeatedly in the sequel. -&l&T Then, using Lemma 2.1 again, we can easily show that X < a: 5 Z < w. We first show that [x,x] is positive invariant. Here, we only show that if ze E (0,x], then 2, < x for n E IV. The proof for 2s E [x,x] implying zn > X for n E N is similar. We distinguish two cases to complete the proof. Therefore, z, < x for n E N. CASE 2. {xn} does not oscillate about ?i?. If there exists an n* such that 2, > Z for n E N(n*), then, using Lemma 2.1 and equation (2.1), we have z,+i < zn for n E N(n*). Let x,, be the global maximum of {z,}, which must be larger than 3'. Using the same argument as in Case 1, we have x,, _ < w, and hence, 2, 5 x for n E PI. Now, if there exists an I such that 2, 5 2 for n E N(Z), let 2,, = maxa<,<lx,. This completes the proof.
The following theorem illustrates that the dynamics (2.1) is uniformly persistent. We only prove x, 5 x for large n. The proof of x, 2 X for large n is similar and is omitted.
To show x, 5 x for large n, we distinguish two cases, CASE A. {xn} oscillates about Z. Let x,, (no 1 1) be a local maximum of {xn} such that x,,, > Z. From the proof of Theorem 2.2, we know that x,, 2 x. Thus, x,, < x for n large enough. CASE B. {x,} does not oscillate about Z. If there exists an ml such that x,, > ZE for n E N(mr), then, using Lemma 2.1 and equation (2.1), we have x,+1 < x, for n E N(mi). Let x* = lim n-co 2,. Then x' 2 f. From , we see that if (3.4) holds, then (3.6) cannot have an eventually positive solution. This is a contradiction, and hence, the proof is complete.
The following theorem gives eventually upper and lower bounds for positive solutions of (1.1). Y. &EN AND 2. ZHOU PROOF. We first prove x, I E for n large enough. First, we suppose that {xn} oscillates about 2. Let {ni} be the sequence such that ni --) 00 as i + 00 and for i E N, xn I z, for n E N(n2i, n2i+l), 2, > 2,
for n E N(nzi+i + 1, nzi+2 -1).
Let mi E N(nzi+r, nzi+z) be such that xmi = max,,,+,ln5nai+n x,. Then, i.e., Now, suppose that {xn} does not oscillate about Z. Then there exists an n* such that x,, > Z ( or x, 5 Z) for n E N(n*). If 2, > z for n E N(n*), then it follows from Lemma 2.1 and equation (1.1) that x n+i < x, for n E N(n* + mw). A similar argument as that for Case B in the proof of Theorem 2.3 gives us limn+oc x, = Z. Note that 7i > Z. Therefore, in either case, there exists an m* such that x, 5 'il for n E N(m*). Now, we prove x, 2 21 for n large enough. Suppose first that {xcn} oscillates about g. Let {ki} be the sequence such that ki + 00 as i + 00 and for i E M, xn L g:, This completes the proof.
With the help of Theorem 3.2, we want to study the global attractivity of (55,) for alI positive solutions of (1.1). 
